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Amendments to the Claims : 

This listing of claims will replace all prior versions and listings of claims in the 

application: 
Listing of Claims : 

Cancel claims 1-58. 

59. (New) An evanescent wave cavity-based optical sensor, the sensor comprising: 

an optical cavity formed by a pair of highly reflective surfaces such that light within 
said cavity makes a plurality of passes between said surfaces, an optical path between said 
surfaces including a reflection from a totally internally reflecting (TIR) surface, said 
reflection from said TIR surface generating an evanescent wave to provide a sensing 
function; 

a light source to inject a pulse of light into said cavity; 

a detector to detect decaying oscillations of said light pulse within said cavity; and 
a signal processor coupled to said detector and configured to provide a time-resolved 
output responsive to a light level within said cavity and having a time-resolution 
corresponding to a set of said light pulse oscillations, whereby said sensing function operates 
at substantially said time-resolution. 

60. (New) An optical sensor as claimed in claim 59 wherein said set of light pulse 
oscillations comprises a single said light pulse or a pair of said pulses. 

61 . (New) An optical sensor as claimed in claim 59 wherein said TIR surface is provided 
with a functionalising material over at least part of said TIR surface such that said evanescent 
wave interacts with said material; 

whereby an interaction between said functionalising material and a target to be sensed 
is detectable as a change in absorption of said evanescent wave. 
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62. (New) An optical sensor as claimed in claim 59 wherein said TIR surface is provided 
with an electrically conducting material over at least part of said TIR surface such that said 
evanescent wave excites a surface plasmon within said material; 

whereby a change in absorption of said evanescent wave due to a change in said 
surface plasmon excitation is detectable using said detector to provide said sensing function. 

63. (New) An optical sensor as claimed in claim 59 wherein said optical cavity comprises 
a fibre optic sensor configured to provide an evanescent field from light guided within the 
fibre. 

64. (New) An optical sensor as claimed in claim 59 wherein said time-resolution is 
substantially determined by a length of said optical cavity. 

65. (New) A method of performing time-resolved sensing using an optical cavity 
including a sensing surface, a sensing interaction at said sensing surface modifying an optical 
ring-down characteristic of said cavity, the method comprising: 

injecting a pulse of light into said cavity; and 

monitoring an optical ring-down of said pulse within said cavity to monitor said 
sensing interaction; and 

wherein said monitoring is performed substantially on a pulse-by-pulse basis such that 
said sensing is time-resolved at a resolution of at least an integral number of round trip times 
of said cavity. 

66. (New) A method as claimed in claim 65 wherein said integral number of round trip 
times is one. 


67. (New) 
resolution by 


A method as claimed in claim 65 further comprising selecting said time 
selecting a length of said cavity. 
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68. (New) An evanescent-wave cavity-based optical sensor system, the system 
comprising: 

an optical cavity formed by a pair of highly reflective surfaces such that light within 
said cavity makes a plurality of passes between said surfaces, an optical path between said 
surfaces including a reflection from one or more totally internally reflecting (TIR) surfaces, a 
said reflection from a TIR surface generating an evanescent wave to provide an attenuated 
TIR sensing function; 

a light source to optically excite said cavity at at least two different wavelengths; and 
a detector to monitor a ring-down characteristic of said cavity at each of said two 
wavelengths; and 

wherein said one or more TIR surfaces are provided with at least two functionalising 
materials one responsive at each of said wavelengths such that an interaction between a said 
functionalising material and one or more targets to be sensed is detectable as a change in 
absorption of a said evanescent wave at a said wavelength. 

69. (New) A sensor system as claimed in claim 68 wherein said two functionalising 
materials comprise different materials selected to detect a common said target. 

70. (New) A sensor system as claimed in claim 69 further comprising a signal processor 
coupled to said detector and configured to provide an output signal indicative of said target 
from a combination of said ring-down characteristic at said two wavelengths. 

71. (New) A sensor system as claimed in claim 69 wherein a said TIR surface is provided 
with both said functionalising materials. 

72. (New) A sensor system as claimed in claim 69 wherein said optical cavity includes at 
least two said TIR surfaces, and wherein a first of said TIR surfaces is provided with a first of 
said functionalising materials and a second of said TIR surfaces is provided with a second of 
said functionalising materials. 
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73. (New) A sensor system as claimed in claim 68 wherein said optical cavity includes a 
fibre optic configured to provide said one or more TIR surfaces. 

74. (New) A sensor system as claimed in any one of claim 68 wherein said cavity has a 
length of at least 5 metres, 10 metres, or 50 metres. 

75. (New) A method of wavelength division multiplexing sensors of an evanescent wave 
cavity ring-down sensor system, the method comprising: 

applying a plurality of different fiinctionalising materials to one or more evanescent 
wave sensing regions of a cavity of said sensor system, said different fiinctionalising 
materials having sensing responses at different wavelengths; 

exciting said cavity at a plurality of different wavelengths corresponding to 

wavelengths of said sensing responses of said fiinctionalising materials; and 

monitoring a ring-down characteristic of said cavity at each of said exciting 
wavelengths. 

76. (New) A waveguide-based cavity ring-down sensor for sensing an environmental 
variable, the sensor comprising: 

an optical cavity including a waveguide; 

a light source for exciting the optical cavity; and 

a detector for monitoring a ring-down characteristic of the cavity; and 

a signal processor coupled to said detector and configured to provide a signal output 

responsive to a change in optical propagation loss within said cavity as determined from said 

ring-down characteristic; and 

wherein a change in said environmental variable causes a change in optical 

propagation loss in said waveguide to provide said signal output. 

77. (New) A sensor as claimed in claim 76 wherein said waveguide comprises a fibre 
optic. 

78. (New) A fibre optic sensor as claimed in claim 76 wherein said waveguide is doped 
to respond to said environmental variable. 
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79. (New) A sensor as claimed in claim 76 wherein said environmental variable 
comprises one or more of temperature, magnetic field strength, and electric field strength. 

80. (New) A sensor as claimed in claim 79 wherein said waveguide is doped with a 
paramagnetic material, and wherein said environmental variable comprises magnetic field 
strength. 

81. (New) A sensor as claimed in claim 76 wherein said light source is configured to 
excite said cavity at two different wavelengths simultaneously, wherein said detector is 
configured to monitor ring-down characteristics of said cavity at said two different 
wavelengths, and wherein said signal processor is configured to provide said signal output 
responsive to said ring-down characteristics at said two different wavelengths. 

82. (New) A sensor as claimed in claim 81 wherein said waveguide is doped with Erbium 
to respond to said environmental variable, wherein said environmental variable comprises 
temperature, and wherein said wavelengths are selected such that said ring-down 
characteristics at said two different wavelengths vary in opposite senses with a change in said 
temperature. 

83. (New) A waveguide-based sensing method for sensing an environmental variable 
using an optical cavity including a waveguide, the method comprising: 

determining an optical ring-up or ring-down time for the cavity to determine a cavity 
loss; and 

determining a change in said cavity loss from a change in said ring-up or ring-down 
time, said change in loss being caused by an effect of a change in said environmental variable 
on said waveguide, to sense said change in said environmental variable. 

84. (New) A method as claimed in claim 83 wherein said waveguide is doped. 
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85. (New) A method as claimed in claim 83 further comprising determining said ring-up 
or ring-down time at two wavelengths, and determining said change in cavity loss at said two 
wavelengths to determine a change in said environmental variable. 

86. (New) A method as claimed in claim 83 wherein said environmental variable 
comprises one or more of temperature, magnetic field, and electric field. 

87. (New) Fibre optic system characterising apparatus for characterising a fibre optic 
system using optical ring-down, the apparatus comprising: 

an optical cavity configurable to include said fibre optic system; 
a light source for exciting said cavity; 

a detector for monitoring an optical ring-down of said cavity; and 
a signal processor coupled to said detector and configured to determine a 
characteristic of said fibre optic system from said cavity optical ring-down. 

88. (New) Fibre optic system characterising apparatus as claimed in claim 87 wherein 
said fibre optic system comprises a fibre optic cable. 

89. (New) Fibre optic system characterising apparatus as claimed in claim 88 wherein at 
least one end of said fibre optic cable is provided with a mirror coating to form at least one 
end of said optical cavity. 

90. (New) Fibre optic system characterising apparatus as claimed in claim 89 wherein 
both ends of said fibre optic cable are provided with a mirror coating to form said optical 
cavity. 

91. (New) Fibre optic system characterising apparatus as claimed in claim 87 wherein 
said fibre optic system characteristic comprises a transmission loss. 
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92. (New) Fibre optic system characterising apparatus as claimed in claim 87 wherein 
said fibre optic system characteristic comprises a measure of dispersion in the fibre optic 
system. 

93. (New) Fibre optic system characterising apparatus as claimed in claim 87 wherein 
said signal processor comprises a computer system including a processor and program 
memory, the program memory storing instructions to control the processor to input light level 
values from said detector, to determine a ring-down time for said cavity including said fibre 
optic system from said light level values, and to determine said fibre optic system 
characteristic using said ring-down time. 

94. (New) A carrier carrying the processor control instructions of claim 93. 

95. (New) A method of characterising a fibre optic system using optical ring-down, the 
method comprising: 

forming an optical cavity including said fibre optic system; 

exciting said optical cavity using a light source; 

monitoring a ring-down of said cavity following said excitation; and 

determining a characteristic of said fibre optic system from said monitoring. 

96. (New) A method as claimed in claim 95 wherein said fibre optic system comprises a 
fibre optic cable. 

97. (New) A method as claimed in claim 96 wherein said characteristic comprises a 
transmission loss. 

98. (New) A method as claimed in claim 97 wherein said characterising comprises 
characterising a fibre manipulation loss, and wherein said optical cavity forming includes 
performing a manipulation on said fibre optic cable. 
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99. (New) A method as claimed in claim 98 wherein said manipulation comprises 
bending or tapering said fibre optic cable. 

100. (New) A method as claimed in claim 95 wherein said characteristic comprises a 
measure of dispersion in said fibre optic system. 

101. (New) A method as claimed in claim 95 wherein said monitoring comprises 
monitoring at a plurality of wavelengths simultaneously. 

102. (New) A fibre optic sensor, the sensor comprising: 

an optical cavity including a fibre optic; 
a light source for exciting the optical cavity; and 
a detector for monitoring a ring-down characteristic of the cavity; and 
wherein said fibre optic is configured such that a change in a sensed variable causes a 
physical change in said fibre optic configuration modifying said ring-down characteristic. 

103. (New) A fibre optic sensor as claimed in claim 102 wherein said fibre optic 
configuration includes one or more bends. 

104. (New) A fibre optic sensor as claimed in claim 102 wherein said fibre optic is 
mounted on a pressure-responsive support structure to sense pressure. 

105. (New) A fibre optic sensor as claimed in claim 102 wherein said physical change in 
fibre optic configuration comprises a change in length of said fibre optic. 

106. (New) A fibre optic sensor as claimed in claim 105 wherein said change in length 
causes a distortion of said fibre optic. 

107. (New) A fibre optic sensor as claimed in claim 105 wherein said fibre optic sensor is 
configured to sense one or more of stress, strain and temperature. 
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108. (New) A fibre optic sensor as claimed in claims 102 further comprising a signal 
processor coupled to said detector and configured to provide a sensed variable output by 
determining a ring-down time of said cavity. 

109. (New) A fibre optic sensor as claimed in claim 108 configured to provide said sensed 
variable output responsive to signals sensed simultaneously at a plurality of wavelengths. 

1 10. (New) A method of sensing using distortion of a fibre optic, the fibre optic 
comprising at least part of an optical cavity, the method comprising: 

determining an optical ring-up or ring-down time of said cavity; 
distorting said fibre optic with a sensed variable; and 

determining a change in said ring-up or ring-down time to sense said distortion. 

111. (New) A method as claimed in claim 110 wherein said fibre optic is bent. 

1 12. (New) A method as claimed in claim 110 wherein said distorting includes changing a 
length of said fibre optic. 

113. (New) A method as claimed in claim 110 wherein said sensed variable comprises one 
or more of temperature, pressure, stress and strain. 

1 14. (New) An evanescent-wave cavity-ring down sensing system, the system comprising: 

an evanescent-wave optical cavity; 

an optical pump to provide a pump pulse to said optical cavity at a first wavelength; 

and 

an optical probe to provide a probe pulse to said optical cavity at a second 
wavelength. 

115. (New) A sensing system as claimed in claim 1 14 comprising at least one pulsed 
illumination source to provide said pump and probe pulses. 
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116. (New) A sensing system as claimed in claim 1 1 5 wherein at least one of said pump 
pulse and said probe pulse is shorter than an optical round trip time of said cavity. 

1 17. (New) A sensing system as claimed in claim 1 14 wherein a loss of said optical cavity 
at said first wavelength is such that said pump pulse makes substantially only a single pass of 
said optical cavity. 


